Climate change is challenging plants and animals not only with increasing temperatures, but also 22 with shortened intervals between extreme weather events. Relatively little is known about 23 diverse assemblages of organisms responding to extreme weather, and even less is known about 24 landscape and life history properties that might mitigate effects of extreme weather. We find that 25 northern California butterflies were impacted by a millennium-scale drought differentially at low 26 and high elevations. At low elevations, phenological shifts facilitated persistence and even 27 recovery during drought, while at higher elevations a shortened flight season was associated with 28 decreases in species richness. Phenological and faunal dynamics are predicted by temperature 29 and precipitation, thus advancing the possibility of understanding and forecasting biological 30 responses to extreme weather.
butterflies at montane sites would be robust relative to populations at lower elevations in 48 landscapes that are both less spatially variable and already impacted by a history of human 49 activity. 3) Finally, we asked if population-level responses to drought are mediated by 50 phenological shifts. Species that are able to begin activity earlier in the spring might reach 51 higher population densities 9 , potentially offsetting detrimental drought effects. Another 52 possibility is that ectotherms exposed to longer growing seasons could fall into a developmental 53 trap by which extra generations fail because of insufficient time 10 . 54 Investigations of butterflies at our focal sites have reported that a majority of populations 55 at the lowest elevations have been in decline since at least the mid-1990s 11 , which has been 56 attributed to changes in land use and warming temperatures 12 . Populations at higher elevations, 57 in contrast, have shown relatively less directional change over time, with the exception of a 58 decline in more dispersive, disturbance-associated species that rely on demographic connections 59 with lower-elevation source populations 13 . Previous analyses of abiotic effects, prior to the 60 2011-2015 drought, have noted responses to weather that were heterogeneous and idiosyncratic 61 among sites and species 14, 15 . In contrast to the previously-documented heterogeneity in 62 population response, we find here that the recent, extreme drought years resulted in a number of 63 faunal responses that were consistent across sites and elevational subsets of sites (montane 64 versus valley sites). 5 Why did the low elevation sites apparently rebound during the drought years? Using the 90 lowest sites (RC, WS, NS and SM) and a span of years starting just before the millennium 91 drought, we discovered an effect of phenological plasticity. Specifically, species whose first 92 flight shifted to an earlier day were the species that became more abundant (r = -0.50, P < 0.001; 93 Fig. S3 ). Butterflies at the lowest elevations are almost entirely multivoltine, and an earlier start 94 for those species led to an extension of the flight season (Fig. 1d ), and an increase in abundance 95 and richness (Fig. 2) . To understand climatic drivers of phenology, at low and high elevations, 96 we modeled the dates of first flight as a function of maximum and minimum temperatures, 97 precipitation, and El Niño (ENSO) conditions. Models explained 60% of the inter-annual 98 variation at low elevations (F 6,138 = 35.17 , P < 0.001), and 72% at the higher elevation sites 99 (F 6,138 = 59.68, P < 0.001) (Table S1 ). Minimum and maximum temperatures had negative 
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Models of species richness revealed even more pronounced variation in weather effects 106 across elevations, including an increased importance of variation in minimum temperatures ( Fig.   107 3e), maximum temperatures (Fig. 3f ), and precipitation at higher elevations ( Fig. 3g ) (see Table   108 S2 for full details). The highest elevations are most negatively affected by dry years with 109 warmer nighttime temperatures. While daily maximum temperatures have risen everywhere 110 ( Fig. 3j ) and patterns of precipitation have fluctuated in concert across sites ( Fig. 3k ), minimum 111 temperatures have risen most steeply at the mountain sites ( Fig. 3i ). Models of species richness 112 6 also included phenology (date of first flight) as an explanatory variable, and we found an overall 113 negative association ( Fig. 3h ), such that earlier emergence is associated with elevated richness 114 (consistent with the effect of phenology on abundance at low elevations; Fig. S3 ). However, the 115 beneficial effects of earlier emergence at higher elevations might not be as consequential because 116 of a lack of multivoltine species, or they may simply be outweighed by the negative effects of 117 minimum temperatures. Negative effects of minimum temperatures at the higher elevation sites 118 range from 0.48 fewer species seen for every degree Celsius of warming at WA, to 6.46 fewer 119 species seen for every degree at DP (Table S3 ). It has been known for some time that high latitude environments are warming faster than 141 the rest of the planet. It is only recently that climatologists have become aware that higher 142 elevations may also be experiencing a disproportionate share of warming 19 , which raises the 143 issue of how cold-adapted, montane ecosystems will respond. Contrary to the expectation that 144 mountains offer microclimatic refugia and preadapt species for climatic variation 8,20 , we found 145 high elevation butterfly communities to be declining and especially sensitive to dry years with 146 warmer minimum temperatures. Warmer and drier years are associated with lower productivity 147 of mesic-adapted plant communities 21 , and shorter windows during which montane plants are 148 optimal for nectar and herbivory 22 . We did not model snowfall because it is highly correlated 149 with annual precipitation at our sites (see Methods), but reduced snowpack in dry, warm years 150 would have additional negative effects including higher overwinter mortality for life history 151 stages that typically spend the winter under a blanket of snow 23 . The daily temperature range 152 (the difference between maximum and minimum temperatures) has been shrinking around the 153 globe 24 , but the ecological consequences of this thermal homogenization are poorly understood 154 and not yet incorporated into theoretical expectations of global change biology 25 . The results 155 reported here suggest that we have much yet to learn about organismal responses to extreme 156 weather at low and high elevations, but that powerful and simple models predicting faunal 157 dynamics are possible for ectotherms even in the face of unprecedented climatic variation. not used if they were not followed by an absence; so any species observed on the last visit to a 175 site in a particular year did not have a record of DLF for that year. If a species was only 176 observed on a single day in a particular year, then that date was used as a DFF (and only if 177 proceeded by an absence) but not as a DLF, in order to not use the same data point twice. 
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Weather variables that were included in models were z-standardized within sites to be in 217 units of standard deviations. This allows variables from sites with different average conditions 218 (e.g., mountain and valley sites) to be readily compared and, more important, it allows for slopes 219 from multiple regression models to be compared among weather variables that are themselves 220 measured on different scales (as is the case with precipitation and temperature). precipitation values). Interactions were rare, but we report interactions between weather 255 variables that were significant (at P < 0.05). Lagged and cumulative weather variables did not 256 add to the explanatory power of models and the individual lagged and cumulative effects were 257 rarely significant and not discussed further.
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As we have found elsewhere for analyses of phenology and richness with these data 11,33 , 259 linear models satisfied assumptions of normality and homogeneity of variance. To address 260 potential collinearity among predictor variables, variance inflation factors were investigated and 261 found generally to be between 0 and 5, and in a few cases between 5 and 10. For instances 262 where inflation factors approached 10, quality control was conducted by including and excluding 263 correlated variables to verify that estimated β coefficients were not affected. Linear models were 264 also used to test the hypothesis that phenological shifts at low elevations have demographic 265 consequences for individual species. For each species at the lowest sites (SM, WS, NS, and RC), 266 we separately regressed dates of first flight against years, and annual abundance against years.
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Slopes from those regressions were then compared using correlation to ask if species that shifted 268 to an earlier flight (negative slopes for DFF versus years) were also species that become more 269 abundant (positive slopes of abundance versus years). This was done for the years 2008 -2016 270 to capture the transition into the millennium drought years, and only included species that were 271 present in at least 6 of those years. As with other analyses, linear models were performed and 272 assumptions investigated using R 28 . Forister, A. M. Shapiro, Global Change Biol. 9, 1130 -1135 (Jul, 2003 . weather variable changes with elevation (* P < 0.05; ** P < 0.01; *** P < 0.001; see Table S4 353 for additional details). In panels i through k, weather patterns are visualized using splines with 
